The flatbed scintillation counting system (Betaplate) was used for quantitative measurement of the radioactive hybridization signal in detection of adenovirus and papillomavirus DNA in clinical specimens. In this method, 96 samples on a nylon membrane can be handled as a single entity throughout the hybridization and counting procedure. The technique is sensitive, rapid, and convenient in routine use when compared with conventionally applied methods for the numerical analysis of hybridization results. The assay principle allows simultaneous testing of large numbers of specimens.
Nucleic acid hybridization methods are currently used for specific laboratory diagnosis of numerous microbial diseases caused by viruses, bacteria, and parasites (4) . These methods are also widely applied for research purposes in laboratories studying molecular microbiology. 32P is the most frequently used isotope for labeling of probes to high specific activity. Other isotopes and nonradioactive labels may have clinical applications in the future for selected purposes, but their disadvantage is the lower sensitivity in identification of target sequences. Detection of radioactive signals after hybridization is usually carried out by autoradiography. 32P can be revealed after overnight exposure, but for other isotopes several weeks may be needed. Interpretation of the signal intensity is made visually and is therefore subjective, especially when quantitative analysis is required. Investigators have tried to solve this problem by using either densitometry of the autoradiograms or conventional scintillation counting of the individual samples cut out from the membrane. Both these methods are laborious and prone to technical errors when a large number of samples are subjected to analysis.
The flatbed scintillation counting system (6) was originally developed for analysis of labeled cells deposited on glass fiber filter mats (5) . It has also been successfully used for membrane receptor analysis and certain enzyme assays (e.g., reverse transcriptase). The counting is based on flatbed geometry, in which multiple samples are applied within discrete areas on a filter sheet. The photomultiplier tubes are close together on a plate over a sample area which gives low background and high counting efficiency. Throughout the process no vials are used. Instead, the filter mat or nylon membrane is put in a sample bag into which a very small quantity of scintillant is added. We have evaluated the applicability of the Betaplate technique in detection of the DNA spot hybridization signal with different isotopes and have used the method for the analysis of adenovirus and papillomavirus DNA in clinical specimens.
Nasopharyngeal samples, previously tested for the presence of adenovirus hexon antigen by an immunoassay (2), were digested with proteinase K (3) ple) for 32p with these membranes was less than 0.015%. The adenovirus DNA probe was labeled in a nick translation reaction (7) using either 32p, 35S, 125i, or 3H precursors (specific activities of the probes were 118 x 106, 142 x 106, 94 x 106, and 4.5 x 10' cpm/,ug, respectively), whereas random priming (1) with 32p was used for labeling of the HPV probes (specific activity of the HPV-16 probe was 320 x 106 cpm/,ug). The hybridization reactions and the elution of probes were carried out as described previously (3; Auvinen et al., in press). After 16 to 72 h of autoradiography, the dry membrane was sealed in a thin plastic bag and counted after addition of Betaplate Scint liquid (Wallac). When elution of the probe was necessary (HPV), the wet membrane was directly counted. The sample bag was placed in a cassette, and the bound radioactivity was detected in a Betaplate flatbed scintillation counter (Wallac).
We first tested the sensitivity and specificity of the flatbed method in quantitative measurement of homologous Ad2 DNA and nonrelated HSV-1 DNA after hybridization with Ad2 DNA probe labeled with 32p, 35S, 1251 or 3H ( Fig. 1 ; a faint one with 10 pg were observed when the 32P-labeled probe was used, while the sensitivities with 35S and 1251 were 0.1 to 1 ng and 1 ng, respectively (Fig. 1) .
To evaluate the applicability of the Betaplate system for diagnostic routine use, we analyzed 43 coded nasopharyngeal specimens known to be positive or negative for adenovirus hexon antigen ( Table 2 ). The same 22 of the 23 immunoassay-positive samples were positive by flatbed scintillation counting and by autoradiography.
Detection of human papillomaviruses is the most widely used application of nucleic acid hybridization in clinical virology. Therefore, we wanted to evaluate the flatbed scintillation method in routine detection of HPV-6, HPV-11, HPV-16, and HPV-18, which are the types most frequently associated with genital dysplasia. Eighteen smear and biopsy specimens from the female genital tract were analyzed for the presence of the four HPV types by counting and by autoradiography (Fig. 2, Table 3 ). In all the samples positive by autoradiography, values (counts per minute) exceeded those observed in the negative specimens. One of the specimens (no. 16; Table 3 ) was positive for HPV-6, and nine samples contained HPV-16 (specimens 1, 2, 4, 6, 7, 8, 13, 14, and 17). In some cases, cross-reactivity between different HPV types was seen; e.g., specimen 7 gave a faint signal with the HPV-18 probe, while specimen 16, which gave a very strong reaction with HPV-6, reacted also with the other probes. The use of nucleic acid probes for detection of microorganisms is becoming a routine method in diagnostic laboratories. The advantages of these techniques include a possibility of detecting persistent infections and rapid identification of microbial pathogens with slow growth rates. In addition, the new in vitro amplification methods, e.g., polymerase chain reaction (8) , enable sensitive detection of specific sequences by a simple spot hybridization procedure. Autoradiography is commonly used for the detection of the signal after hybridization. In the case of 32P, this procedure can usually be carried out overnight, which often is an acceptable delay. However, when the results should be expressed immediately or quantitative measurement of the target sequence in the sample is required, direct counting of individual spots is preferable. In addition, for screening purposes the need for high-throughput methods is obvious. The spots can be cut out from the membrane and subjected to conventional scintillation counting (3) , which is a cumbersome procedure and has reduced sensitivity compared with autoradiography. This problem can be partially overcome in the flatbed scintillation counting system, in which the detectors are localized close to the membrane, giving a high sensitivity. Another advantage of this method is that the whole membrane can be processed simultaneously and counted easily either without or with only 3 ml of scintillation liquid. 32P-labeled probes can be counted directly without adding any scintillant to the sample bag, enabling rehybridization of the membrane. Counting time for 96 specimens is less than 20 min, thus enabling rapid processing of large numbers of specimens.
We 
